The increasing deployment of mobile technologies across industry sectors is creating fertile ground for organisations to exploit new revenue streams generated from applications that exploit the mobile ecosystem.
1.Introduction
The phenomenon of mobility has driven an evolution and revolution of technologies and new ways of working, exploiting the practice of anytime, anyplace, anyhow computing whilst gaining critical mass as a research discipline and paradigm -the study of which has provided a grounding for conceptual and theoretical perspectives that allow framing and discussion of mobility [2] [3] . Mobile commerce has created a wide range of business opportunities -the spectrum of which includes the transformation of mobile network operators to go beyond the provision of core voice services to the delivery of value added services and service aggregation that provide comprehensive consumer packages [4] , the emergence of business models to develop and deploy mobile applications (such as the Apple 'App' Store, the O 2 Litmus programme, and the Sony Ericsson Developer Worldmost of which are based on shared revenue distribution through sales through the respective hosting channels. Furthermore, open programmes and platforms such as Android (Google) are likely to contribute to the enlargement of the developer community that seeds the growth of mobile applications. With the supply chain of mobile computing and commerce, a range of opportunities exist for contributing parties to collaboration to provide value-added solutions based on new relationship types, rules and ecosystems [5] further enhancing the composite capability and reach of service providers into new market areas. Beyond service providers, the ease of access, penetration, and diffusion of mobile technologies has enabled individual sectors and organisations therein to apply the concepts and practice of mobility to create innovative domain-specific m-commerce applications that leverage the specific nuances associated with those domains resulting in value-added solutions for end-users and new revenue-generating opportunities for business. Examples of these include mobile location-based tourism, travel and navigation systems, m-ticketing and booking applications. Beyond the core commercial imperative of increased revenue generation, the application of mobile computing and principles of m-commerce also underpin the development of private and public sector mobile applications that aim to reduce operating costs, enhance efficiency and provide better platforms for engaging the end-user population. Basole [2] presents an Enterprise Mobility Continuum that frames mobile solutions from point-specific solutions to those that diffuse across entire organisations to create stakeholder value. Across and throughout the complex m-commerce ecosystem the question arises regarding the construction of m-commerce solutions and how these are best approached.
The increasing attention to business underpinned by mobility, mobile services, mobile applications, and technologies has become a major driver for the development of m-commerce systems. This growing trend has become a focus for a significant number of organisations. This paper proposes that in developing mcommerce systems organisations need to establish an enterprise architecture for m-commerce. The rationale for this is rooted in the need to develop a holistic and integrated view of strategic direction relating to mcommerce which will enable a coordinated and controlled approach that reduces complexity and yields effective systems based on the structured integration of services, practices and technology resources. In doing so, the potentially complex universe of discourse associated with IJCSI International Journal of Computer Science Issues, Vol. 7, Issue 3, No. 5, May 2010 www.IJCSI.org 7 mobility is harnessed to produce and organisational asset to drive the development of m-commerce.
The next section proposes a framework to establish such an enterprise architecture for mobile commerce. Firstly, an enterprise architecture framework for mobile commerce is presented followed by a brief view of associated issues concerned with method.
An Enterprise Architecture (EA) Framework for Mobile Commerce
An EA framework provides the basis or template for the creation and establishment of enterprise architecture. Zachman [6] is credited with developing the discipline of enterprise architectures as a concern for both researchers and practitioners. An enterprise architecture framework is essentially a meta-construct used to define the scope of the associated architecture and how the areas of the architecture relate to each other [7] . An architecture can be considered analogous to a blueprint or plan of a building structure, where different perspectives may exist and each perspective contains structures that demonstrate inter-relationships based upon some predefined constraint and yield a solid foundation and approach upon which the building is constructed.
Generally speaking, the EA framework defines the scope of the resulting architecture, which typically includes a business view, information integration, application-level views, and technology infrastructures. Definitions of each view may include more refined constructs and relationships at a lower level of granularity.
The application of an EA approach is considered relevant and appropriate since the ecosystem within which the development of m-commerce solutions occurs comprises a set of interrelated perspectives based upon the integration of mobile devices, technologies, and business processes [8] . Therefore, an EA framework for mobile commerce can be considered to address, at least, the scope of architecture covering the business level/view, the application level and the technology infrastructure level.
In each level of our proposal, core components have been identified. These are: a business model of m-commerce (business level), supply chain of m-commerce (supply chain level), m-commerce applications (application level) and technology infrastructure for m-commerce (technology level). Our research has shown that integration of core EA approaches with m-commerce is relatively sparse, whereas literature in both contributing areas is substantial. Furthermore, Leist & Zellner [9] state that "as information systems grown in complexity and scope the need for a comprehensive and consistent approach in modelling these systems becomes of paramount importance." Basole [2] recognises that businesses are "just beginning to recognise the importance and potentially transformative impact of enterprise mobility." Given this our approach to applying EA principles to m-commerce appears well-grounded. A proposed Enterprise Architecture Framework for mobile commerce is shown in Figure 1 . Figure 1 shows the first (topmost) level in our Enterprise Architecture framework for m-commerce relating to business models. This level is identified as the first level in the EA framework and provides a description of the roles and relationships of an organisation, its customer, partners and suppliers and stakeholders, as well as the flows of goods, information and money between these parties and the main benefits for those involved [10] . The stakeholder transactional models are based upon those presented by Coursaris & Hassanein [11] and are divided into four models (i) wireless Business-to-Consumer (W B2C ) model; (ii) a wireless Consumer-to-Business (W C2B ) model; (iii) a wireless Consumer-to-Consumer (W C2C ) model; and (iv) a wireless Consumer-to-Self (W C 2 ) model. These models mainly describe business activities between the contributing parties, and the specific nature of these. The abstraction of these models provides a basis for higherlevel understanding of the spectrum of stakeholders and relationships at the topmost level of the architecture.
Other business models of mobile commerce attempt to address the complexities associated with the m-commerce ecosystem comprising different participants (such as mobile consumers, network operators, service providers, IJCSI International Journal of Computer Science Issues, Vol. 7, Issue 3, No. 5, May 2010 www.IJCSI.org 8 application developers, content providers and technology providers) and encompass the types of services and sources of profits. In addition, models describe operations and processes relating to mobile growth, value-added benefits, revenue models and return on investment, and the transfer of benefits across stakeholders for mutual gain [12] .
During the development of our framework we reviewed models broadly associated with the business models for mobile information, mobile advertising and for mobile office work. Typical characteristics of these were associated with relationships between content providers, network operators and service providers for direct gain through revenue opportunities from mobile consumers and shared distribution amongst stakeholders and participants. Interestingly, one specific finding was that, "mobile consumers represent the only sustainable revenue source for participants" [13] .
From the characteristics identified, it is seen that business models for mobile commerce are helpful in enabling organisations to increase the possibilities for increasing revenue and profit, and enhancing competitiveness. Taking Vodafone Group Plc [14] as a typical example rather complex business activities can be observed where the business acts as wireless network operator providing information transmission services for its customers whilst also acting as a content or service providers of specific service content for its customers such as music downloading, online gaming, e-mail and location-based information. In this and other similar cases the business models appear not to be mutually exclusive (e.g. single and independent W B2C , W C2B , W C2C , W C 2 business models) [11] . Thus, encapsulating the diverse stakeholder groups and associated mobile information needs can be seen as providing competitive advantage and market diversification. Figure 1 shows the second level in the Enterprise Architecture framework for mobile commerce and is concerned with the supply chain. The materialisation of business models for m-commerce depends on a complex chain of business relationships between participants of the supply chain [12] . The supply chain for m-commerce is therefore identified as the second and supporting level in the enterprise architecture framework.
Second Level: The Supply Chain of Mobile Commerce
This supply chain for m-commerce can be seen as rooted in mobile telecom markets, within which a variety of participants possess resources, perform activities, and are in relationships that are established or evolving in delivering an end-to-end service [15] . However, given the increasing diversity of applications, services and associated information delivery, this supply chain is being extended to include a spectrum of market areas which, when aggregated provide value-added services to the mobile user.
The core elements of the m-commerce supply chain include mobile commerce participants, mobile commerce resources and mobile commerce activities. Mobile commerce participants are a major driving force behind the m-commerce supply chain [13] . Mobile commerce participants fundamentally include mobile consumers, wireless network providers, content provide, service providers, application developers and technology providers -all of whom engage in a business-oriented relationship and, in the specific case of m-commerce, one that is focussed on commercial gain for service delivery participants. For example, the shared/distributed revenue approach entails the wireless network providers delivering part of that revenue to other participants in the supply chain -such as content providers and other service providers.
Third Level: Mobile Commerce Applications
The third level of the framework is concerned with mobile commerce applications. Because an organisation uses mobile applications to support and deliver its business models through the supply chain, mobile applications are seen as the tangible end-user vehicles that mechanise and enable the m-commerce transaction. Mobile applications are therefore identified at the third level in the Enterprise Architecture framework for m-commerce.
M-commerce applications can be broadly categorised as communication applications, information applications, entertainment applications and commerce applications [11] . Five main application types were identified: mobile ticketing, mobile advertising, mobile information, mobile banking and mobile office applications. These were found to support the key business models and imperatives (revenue generation or cost reduction) and were constructed using the supply chain to deliver an aggregated service. The constantly developing landscape of mobile technologies, and more specifically application capability, raises a proposition of re-aligning business models and supply chains to fully leverage the potential of that change -thus suggesting a commercially synergistic relationship (in this case, the applications and technology forcing a re-evaluation of the business models and supply chain) . 
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Method
In order to materialise a specific architecture from the enterprise architecture framework an associated method is required. The method provides a step-by-step description of how to establish the architecture [7] . In context of the proposed framework, a five-step approach is proposed based upon five generic steps [16] adapted to suit the framework-specific needs. Our current research focuses on the development of the m-commerce enterprise architecture framework and the method associated with this is in embryonic form. Nevertheless, views and expectations are that this will focus on internal knowledge audits to determine organisational readiness and mobile strategies, a series of data collection methods that aim to elicit the type of existing of new applications that can be mobilised in context of m-commerce, the skills base, and the technology/resource levels within the organisation, and levels of innovation. Other aspects are expected to address appropriate business planning tools, modelling techniques and notations that apply across the four levels of the framework and incorporate the modelling of mobility in context of mobile commerce opportunities. Technical limitations of mobile devices and wireless communications, business concerns and legal constraints complicate the practical use of mobile commerce [17] . Therefore, these also provide the impetus of developing appropriate methods that address these concerns. In all these cases organisations may have existing approaches and techniques that might be used a part of the method.
Validation
To validate the proposed framework a questionnaire was developed to test the overall construct of the framework, its direct relevance to businesses, and to seek the views that might be incorporated in its refinement. The survey aimed to elicit initial and relatively informal feedback and as such was constructed to provide qualitative feedback 
Results
A 3 scale scoring system was used and responses constrained to Accept (3), Neither/Neutral (2) , and Not Accepted (1) . All three participants responded and the summarised results for each participant are tabulated as shown. All 3 respondents scored highly regarding the business model component of the proposed framework, indicating its appropriate and relevant positioning. Similarly, responses regarding the supply chain model component of the framework scored highly. This again was interpreted as a positive response regarding its overall context and positioning. The scoring for m-commerce applications as part of the framework was slightly lower, although this was still deemed a positive response. Finally, the technology infrastructure level scored highly, again indicating an overall positive response. The overall interpretation was that the framework proposition was an appropriate and useful vehicle for the development of mcommerce within organisations.
With respect to the method, all responded again scored this aspect highly thus indicating its potential relevance, value and use.
Conclusions
Mobile technology is continuing to play a significant role in providing efficient and effective means for organisations to broaden their revenue streams, and enhancing competitive positioning. There is no doubt that the mobile ecosystem creates many possibilities for the development of innovative solutions that create real value for end users whilst meeting real financial imperatives of service providers and stakeholders in the m-commerce supply chain.
However, the mobile ecosystem is potentially complex and the universe of discourse created contains many interrelated components that span across financial, organisational, technological, and social boundaries. It is this that provides the impetus and rationale to focus on adopting an enterprise architecture framework approach to govern the development of mcommerce systems and with a view to reducing complexity.
It is also this that aims to enable organisations to adapt rapidly to mobile technologies, reap the affordances created through technology adoption, remain competitive -yet through a structured and framework-oriented approach that provides a baseline for pro-active transformation rather than a re-active and potentially chaotic and fragmented approach. This paper has proposed an initial enterprise architecture framework for mobile commerce that aims to provide practitioners and researchers a platform for considering the development of m-commerce systems, and one which aims to influence both philosophical and practical approaches to building m-commerce systems. Initial response, albeit being based on limited demographics, has been positive and this provides motivation for future work. The framework proposition comprises four levels, each of which draws upon specific nuances associated with the mobile environment and each of which is constructed in context of other layers -thus demonstrating a frameworkoriented approach.
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